The aim of this study was to explore the efficiency of foliar potassium fertiliser relative to morphological, physiological and biochemical properties of hybrid long pepper (Capsicum annuum). Pepper plants were grown in a greenhouse and supplied with three sources of foliar potassium fertilisers, i.e., potassium-humate (1 g/L = 1,250 g/ha), potassium sulfate (1 g/L = 1,250 g/ha), and potassium chloride (1 g/L = 1,250 g/ha). Water served as control. The impacts of these treatments on the phytosynthetic parameters (photosynthetic rate, stomatal conductance, intercellular CO 2 , leaf carotenoids) and chlorophyll a and b, metabolic compounds and nitrogen, phosphorus and potassium were measured. The phytosynthetic parameters significantly improved by different foliar potassium application and the highest level of photosynthetic activity was noted in plants supplied with potassium sulfate, followed by potassium-humate and potassium chloride. Plant biomass accumulation, cholorophyll (a and b), and total yield showed larger increases in plants fertilised with potassium sulfate than those fertilised with potassium-humate; smallest increases occurred with potassium chloride. Concentrations of total sugars, carotenoids, chlorophyll (a and b), and endogenous level of nitrogen, phosphorus, and potassium contents in plants and fruits were possitively influenced by varying sources of potassium. The fruit color parameters and total soluble solid were also significantly increased with all foliar potassium treatments compared with control. Foliar application of potassium sulfate recorded the highest values and significantly increase all anatomical characters for leaf, stem and fruit of pepper plant.
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yield and quality of the fruit of pepper plant (Botella et al. 2017; Abdelaziz & Abdeldaym 2018) . The available sources of K used for plant mineral fertiliser are potassium chloride (KCl), potassium sulfate (K 2 SO 4 ), and potassium nitrate (KNO 3 ).
Pepper (Capsicum annuum L.) is considered one of the most popular horticultural crops in North Africa and the Mediterranean because of its economic value and nutritional properties. Pepper fruit is a good source of many nutrients and antioxidants, such as vitamin C (Vit. C) and phenolic compounds. Some previous works indicated that K fertiliser had a positive effect on fruit size, total soluble solids, ascorbic acid concentration, and fruit surface colour (Lester et al. 2006) . There are few studies reporting the sources of K and its effects on chemical composition, quality, and anatomy of vegetable crops. Therefore, the aim of this study was to determine if supplemental foliar potassium applications during plant growth and fruit development would enhance growth, yield, and fruit quality of pepper. In addition, comparison of different potassium sources supplements on plant growth and fruit quality of pepper.
MATERIAL AND METHODS

Plant material, growth condition, and treatments
Experiments were conducted in a plastic greenhouse measuring 40 × 9 meters. This study was conducted from the 5 th of October 2015 till the end of April 2016 and was repeated from the 10 th of October 2016 till the end of April 2017 at the Experimental station in the Faculty of Agriculture of Cairo University, Giza, Egypt (latitude 30.0131°N, longitude 31.2089°E, 694 m). Seeds of pepper cv. Dolci hybrid were sown on 1 st and 5 th August 2015 and 2016, respectively, by hand in foam trays (209 wells) filled with peat moss and vermiculite (1:1, v:v). Developing seedlings were irrigated daily and fertilised with NPK (15:15:15) once weekly. The seedlings were transplanted after 45 days in both seasons. The soil properties of experiment were determined and are summarized in Table 1 . The experimental soil was deeply plowed and five flat beds (40 m length × 1 m width) were prepared. Two weeks before pepper transplanting (45 days), N (79 kg/ha), P 2 O 5 (165.6 kg/ha) and K 2 O (60 kg/ha) were applied as per soil analysis results. A randomized complete block design with four replicates was used. The transplants were arranged in two rows on each ridge. The plot area was 4 m 2 (4 m length × 1 m width); the spacing between plants was 0.30 m and 0.50 m between rows. Weeds were manually removed shortly after emergence. After 15 days of seedlings transplantation, pepper plants were sprayed, once every 10 days for 5 times, with the following treatments: A) K-humate (65% humic acid and 15% potassium) at a rate of 1 g/L (equal 1,250 g/ha), B) K 2 SO 4 (48% potassium) at a rate of 1 g/L (equal 1,250 g/ha), C) KCl (52.2% potassium) at a rate of 1 g/L (equal 1,250 g/ha) and D) control was without K application.
Plant growth parameters
Ten plants were randomly sampled from each plot after 70 days of transplanting to determine T a b l e 1 Chemical analysis of the soil in 2015-2016 and 2016-2017 
Photosynthetic parameters
The fifth leaf of ten plants was selected to assess net photosynthesis (Pn) on an area basis (μmol CO 2 / m 2 /s), leaf stomatal conductance to H 2 O (Gs) (mol H 2 O/m 2 /s), and intercellular CO 2 concentration (Ci) (µmol CO 2 /mol) using infra-red gas analyser LICOR 6400 Portable Photosynthesis System (IRGA, Licor Inc., USA).
Leaf chlorophyll a, b, and carotenoids content
Fresh leaves and fruits (90 and 120 days after transplanting, respectively) were extracted with acetone (80%) (Sigma-Aldrich Co. LLC) and placed for one hour at 5ºC. The extractions were centrifuged for 15 min at 3,000 x g. Chlorophyll a, b, and carotenoids content were measured with a spectrophotometer (Helios UVG1702E, England) at wave lengths 663, 647, and 470 nm, respectively. Chlorophyll and carotenoids were measured according to the method of Lichtenthaler and Wellburn (1983) . The calculation was done according to the following equations:
Chlorophyll a = 12.70 × A 663 -2.79 × A 647 Chlorophyll b = 20 × A 647 -4.62 × A 663 Carotenoids = {1000 × A470 -(3.27 chl. A -104 chl. B)}/229
Total yield
Total yield were harvested during the season and weighted. The total yield represented in kg per plant.
Colour measurement
The surface colour of pepper fruits was recorded by measuring, a* (from red to green), b* (from yellow to blue), and C* (colour saturation) with a Minolta Chroma Meter (model CR-200, USA). To measure surface colour, three readings were taken from opposite positions of each pepper fruit at mature stage. Ten fruits were analysed for each treatment. The colorimeter was calibrated using a white surface.
Fruit firmness, total soluble solids, and vitamin C content
Ten fruits at mature stage were used for measuring firmness. Three different fixed positions were used for measuring the firmness on each fruit. Firmness was measured with a fruit pressure tester (FT011, Wagner Instruments, Italy). The results were expressed in Newton (N). The total soluble solids (TSS) in pepper fruit were measured by using a digital refractometer (model PR101, Co. Ltd., Japan). A drop of the juice was placed on the lens and the reading was taken in degrees Brix (•Bx) and expressed as % soluble solids content in the fruit. Calibration made with distilled water and the lens was carefully rinsed, between samples, with distilled water twice. Fruit samples were randomly taken at harvesting time (mature stage) to determine vitamin C content in the fruit as mg/g fresh weight according to the method described by AOAC (1990) .
Macro-elements content in plant and fruits (NPK)
Total nitrogen (N), phosphorus (P) and potassium (K) concentrations were determined in leaves, stems and fruits. Leaves, stems and fruits were dried at 70°C for 48 h and wet digestion of 0.2 g fine powder of dry material was carried out with sulphuric and perchloric acids, as described by Piper (1947) . Nitrogen was determined with the modified "Micro Kjeldahl" apparatus of Parnas and Wagner as described by Pregl (1945) . Phosphorus was determined spectrophotometrically by using stannous chloride method according to (AOAC 1975) . Potassium was measured with flame photometer according to the method described by Brown and Lilliland (1964) .
Total sugars and total phenols contents
Ethanol extracts of leaves and fruits were used to determine total sugars and total phenols. For preparation of ethanol extract, 5 g of fresh peppers were crushed in a porcelain mortar using 25 ml of 95% ethanol (Sigma-Aldrich, Germany) for 10 min and then filtrated through a sintered glass funnel (G 3 ). The residue was re-extracted and filtered twice with ethanol (80%), and then the volume was adjusted to 25 ml with ethanol (80%). In the ethanol extract, total sugar was measured via the phosphomolybdic acid method according to AOAC (1975) . Total phenol was measured using the Folin-Ciocalteu reagent (Sigma-Aldrich, Germany) according to Swain and Hillis (1959) as follows: ethanolic extract (1 ml) and 1 ml Folin -Denis reagent in a test tube and immediately followed by the addition of 1 ml of 14% sodium carbonate. Tubes were left for 10 min at room temperature. The absorbance of the developed colour was read at 725 nm using a spectrophotometer (Hitachi, U-1000). A standard curve was carried out using tryptophan (Sigma-Aldrich, Germany) with a suitable concentration which was treated in the same manner as described above. The concentration of total phenols was calculated and expressed as mg/g fresh weight of leaves and fruits of the pepper plant.
Anatomical study
The samples of leaf and stem were taken throught the 2 nd growing season of 2016 -2017 from the 4 th internode from the top of the main stem at 90 days from sowing. The fruit samples were collected at mature stage (120 days after sowing). The vegetative specimens were fixed in F.A.A. (10 ml formalin, 5 ml glacial acetic acid, 50 ml ethyl alcohol 95%, 35 ml distilled water), washed in 50% ethyl alcohol, dehydrated in a normal butyl alcohol series, embedded in paraffin wax with a melting point of 60 -63°C, sectioned into 20 μm in thickness, stained with the double stain method (crystal violet/erythrosine), cleared in xylene and mounted in Canada balsam (Nassar & El-Sahhar 1998) . The slides were microscopically examined and photomicrographed at Botany Department, Faculty of Agriculture, Cairo University. Measurements (μm) were taken using a micrometry piece, with average of readings 3 slides per treatment was calculated.
Statistical analyses
The experiment was arranged in a completely randomized block design with four replications. Data were exposed to analysis of variance using Mstat-c program (version 2.1). If the interaction was significant it was used to explain the data. If the interaction was not significant, means were separated using least significant difference by Duncan's multiple range test at P < 0.05. Principal component analysis (PCA) was used to determinate the associations between observed variables and a new set of non-correlated parameters (variables).
RESULTS AND DISCUSSION
Plant growth and development
Data in Table 2 shows the effects of year, treatment, and year × treatment interaction on plant growth parameters. Plant fresh weight was affected only by year. Fresh weight of pepper plants was higher in 2016/2017 than in 2015/2016 ( Figure 1A ). Plant height was affected only by K treatments. The tallest plants were recorded from plants received K 2 SO 4 fertiliser followed by KCl, while the control and K-humate were lower and similar (Table 3) . Number of branches affected only by K treatments. All sources of K significantly increased number of branches compared to control plants (Table 3 ). The highest number of branches values recorded from plants treated with K 2 SO 4 followed by K-humate and KCl with no significant difference between them. Dry matter of plants [%] is affected by year and treatment factors (Table 2 ). Dry matter in the second season (2016/2017) was higher than first seasons (2015/2016, Figure 1B ). All foliar K sources treatments were similar in dry matter and higher than control (Table 3) . In this study, plant growth parameters of long pepper, including plant height, number of branches and dry biomass accumulation were positively influenced by foliar K fertilisers.
The difference between years of study on the fresh weight could be due to the variability of micro-climate conditions surrounding the plants. Accumulation of plant dry matter improved significantly with foliar K treatments. Also, there is a positive association between dry matter, net Pn and photosynthetic pigment (chlorophyll a) ( Figure 2B ). This indicated that enhancement in dry matter of pepper plants supplied with K is highly associated to leaf chlorophyll a and photosynthesis rates that increase total sugar accumulation which act as main organic component of the dry matter. Our results in Figure 2B indicated a correlation between leaf K content, chlorophyll b, and plant height. The obtained results were in agreement with previous studies reported that K fertiliser increased the plant height and dry weight of tomato plants (Afzal et al. 2015; Botella et al. 2017) . O'Toole et al. (1980) mentioned that low levels of K nutrition resulted in a decrease in dry weight of leaves and stems as well as decrease cell size and compaction of cells per unit area and this lead to decreased leaf thickness of bean plants.
Leaf photosynthesis activities
In this study, foliar K treatments only have pos-itive influence on photosynthesis activity (Table 2) . Maximum values of Pn, Gs, and Ci were recorded in pepper plants supplied with K 2 SO 4 followed by KCl and K-humate treatments ( Figure 3A , B, C). The control was recorded the lowest values. Furthermore, positive correlation was found between photosynthetic parameters (Pn, Gs, and Ci) and leaf K content (Figure 2A and B) . It was also noted that Gs and Ci have a positive correlation with net photosynthesis ( Figure 2A ). This result pointed out that the increase in Pn under foliar K implementation could be attributed to increase in Gs that stimulated with K ( Figure 2B ). This improved Ci inside the leaves (Ibrahim et al. 2011) . These changes could be result from the anions accompanied the K fertilisers, where the high concentration of Cl -anion reduced the leaf chlorophyll concentration which consequently decreased the Pn as suggested by Acosta-motos et al. (2017) . Generally, net photosynthesis rate of pepper plants supplied with foliar K fertilisers was better than untreated plants (Sun et al. 2011) . Where, photosynthesis rate improved by K fertiliser through regulating stomata opining and allowing gas exchanges with atmosphere which 
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improves Ci rate and water use efficiency (Abid et al. 2016; Coskun et al. 2014; Zahoor et al. 2017) .
Pigments contents in leaves and fruits (chlorophyll a, b and carotenoids)
Plant pigments, including chlorophyll (a and b) and carotenoids are vital molecules that are formed by plants and play an important role in photosynthesis process which is accountable for plant growth (Dobroviczka et al. 2013) . Our results indicated that K treatments affected chlorophyll (a and b) in leaves while carotenoids were affected by year × treatment interaction (Table 4) . Moreover, all sources of K significantly increased chlorophyll a and b in leaves. The higher values of leaf chlorophyll b content were recorded in plants treated with K-humate and K 2 SO 4 compared to control (Table 3 ). The lower chlorophyll b level in pepper leaves was found in plants treated with KCl compared to other K treatments. Furthermore, positive correlation between chlorophyll (a and b) accumulation in pepper leaves and leaf K content was observed ( Figure 2B ). This improvement in chlorophyll (a and b) contents due to K fertiliser could be based on stability of proteins complex and chloroplast structure (Ibrahim et al. 2012) . Ghasemzadeh et al. (2010) (Table 5) . No significant differences were observed among treatments regarding chlorophyll b. The reduction of chlorophyll b in leaves and chlorophyll a in pepper fruit caused by KCl fertiliser was possibly due to adverse effects of accumulated chloride (Cl -) ion on chloroplast structure and chlorophyll formation (Salama et al. 1994) . The highest level of carotenoids was noted in leaves and fruits of pepper plants supplied with KCl treatment than other treatments ( Figure 4A and Table 5 one of the most important antioxidant compounds which protects the plant cell against oxidative stress resulted of salinity condition (Giuffrida et al. 2014) .
Pepper yield
Analysis of variance showed that year (P ≤ 0.01) and K treatments (P ≤ 0.001) significantly influenced total yield (Table 2 ). The total yield of pepper plant was higher in first year (2015/2016) than second year (2016/2017) ( Figure 1C ). This result might be associated to climate condition generalized during the two seasons. Different sources of K significantly increased total yield per plant compared to control (Table 3 ).The highest yield was recorded from plants treated with K 2 SO 4 followed by K-humate and KCl, respectively. Similar results were obtained in other vegetable crops such as pepper and melon (Golcz et al. 2012; Lester et al. 2010) . Inthichack et al. (2012) stated that higher yield of celery was obtained by using K fertiliser in the form of KCl whereas; the highest yield of cabbage and lettuce resulted from K fertiliser form the source of K 2 SO 4 . The improvement of fruit yield of pepper plant is strongly correlated with leaf sugar content and Pn as shown in principle component analysis (Figure 2A) . This confirms the statement that increased fruits yield of plants supplied with K is associated to photosynthetic assimilations (i.e. sugars) and translocation of those assimilates towards sink tissues (Zhao et al. 2001 ). Chapagain and Wiesman (2004) also observed that tomato fruit biomasses were increased by foliar K application.
Fruits colour
Our results confirmed that K fertilisers significantly affected the chroma (C*) and a* (red to green colour) and b* (yellow to blue colour) values in fruit pepper skin (Table 6 ). The distinguish colour for normal fruits is yellowish green colour. Data in Table 5 shows that values of a* (green colour) and b* (yellow) were improved by K fertiliser. Similarly, C* saturation index was also enhanced. The highest value of C* was recorded by K-humate and KCl. The value of a* increased in all K treatment compared to control, while the highest a* value was recorded by K-humate. The enhancement of colour formation by K fertiliser could be due to the role of K element in activation of 60 different enzymes, reduce tissue wilting, and formation of sugars and starch (Fageria 2009 ).
Fruit firmness, total soluble solid and vitamin C content
Firmness was affected only by year × treatments interaction ( Figure 4B ) but the fruit firmness showed similar trends with control. The highest value of fruit total soluble solid (TSS) was in second season than first season ( Figure 1D ). Table 5 indicates that TSS in fruits significantly improved with K treatment compared to control as similar findings were obtained by Lester et al. (2006) . The fruit firmness did not changed with K fertiliser because the foliar applied K is not associated to increase membrane integrity or cell wall stability as calcium does (Lester & Grusak 1999) . On the other hand, enhancement of fruit TSS is positively correlated to fruit total sugar (r = 0.82), Vit. C (r = 0.72) and accumulation of other organic osmolytes as well as K (r = 0.68) in cells of fruit pepper fruit (Figure 2A ). Analysis of variance showed that vit. C accumulation in pepper significantly affected by K fertiliser (Table 6) . Content of Vit. C in pepper fruits treated with K-humate, K 2 SO 4 and KCl were increased by 4.9, 15.2 and 10.5% compared to control (Table 5) . Furthermore, fruit Vit. C is correlated positively with Pn, Ci and leaf K content (Figure 2A ). This implies that K sources improve Pn, Ci, and carbohydrate accumulation, assimilates translocation and enzyme activation (Ghasemzadeh et al. 2010; Ghasemzadeh & Haafar 2011) . High concentration of vit. C in pepper fruits supplied with K probably due to development of total carbohydrate (Norhaiza et al. 2009 ). This is because D-glucose is considered a precursor for vit. C biosynthesis in plants, as more availability of carbohydrate lead to vitamin C might be formed in the L-galactose pathways (Hancock & Viola 2005) .
Macro-element content in plant and fruits (N, P, and K)
Nitrogen content in leaves was affected only by K treatments (Table 7 ). The highest contents of N in (Table 3) . Also, P content in leaves was affected by year, treatments, and year × treatments interaction (Table 7 ). The highest P content was observed in plants treated with K-humate in both years (Figure 4C) . Additionally, K content in leaves was affected by year and treatments (Table 7) . K content in leaves and stems was higher in 2016/2017 than in 2015/2016 ( Figure 1E and F). All K treatments increased K content in leaves compared to control plants (Table 3 ). In case of fruits, the treatment only affected the macro-element content (Table 8 ). Table  5 shows that the maximum value of total N and P were recorded in plants treated with K humate with insignificant differences between other treatments (K 2 SO 4 , KCl and Control). On the other hand, varying sources of K treatments significantly increased endogenous K fruit content if compared to control. Our investigation confirmed that foliar K supplementation caused also significant changes in nutrient content in plant tissues (Marschner & Marschner 2012) . Nitrogen content in both leaves and fruit tissues of pepper was significantly improved with foliar K fertilisers in forms KCl and K-humate (P ≤ 0.05) except the form of K 2 SO 4 . These results were in agreement with Golcz et al. (2004) , who found that K 2 SO 4 reduced total N in both leaves and fruit of hot pepper than KCl. Previous works confirmed our findings concerning accumulation of K and N in plant organs were significantly increased due to K exposure (Lester et al. 2005) . Pervez et al. (2006) also reported that sufficient rates of K are required for conserving N metabolism. The increasing of K 
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Agriculture (Poľnohospodárstvo), 65, 2019 (2): 59−76 A concentration in pepper leaves and fruits could be explained by the capability of plant to absorb extra K even adequate soil K fertiliser was added. The similar trend of P was observed in pepper plants treated by foliar K fertiliser. Adequate amount of K is needed for absorption P as well as positive P-K interaction in improving crop yield and had been observed by Pervez et al. (2006) . Besides, improvement of P and N values in pepper fruits treated with K-humate might be returned to composition of product where it has extra elements as P and N (Tripura et al. 2017) .
Fruit total sugars content
Data in Table 8 indicated that total sugar in leaves and fruits were affected only by K treatments. Total sugar in pepper leaves due to treatment with K 2 SO 4 and K-humate was significantly higher than control and KCl treatments (Table 3) . Total sugar contents in fruit of pepper plants treated with different K sources were higher than control plants (Table 5) . Foliar K-humate, K 2 SO 4 and KCl fertiliser increased total sugar contents by 23, 27.6 and 2.9% in leaf and 50.76, 48.88 and 27.30% in fruits, respectively (Tables 3 and 5). Leaf total sugar concentration is correlated positively with photosynthesis rate ( Figure  2A and B) . These results confirmed that increasing net photosynthesis rates led to increasing total sugars biosynthesis and tented to accumulate. Similarly, Lester et al. (2010) found that trend of sucrose, glucose and fructose in melon were improved with foliar K fertiliser. Higher total sugar content can be explained by role of K as cofactor in activation of enzymes involved to biosynthesis and hydrolysis of carbohydrates, translocation of their diverters from leaves to fruits and neutralization of important organic acids. A significant reduction in total sugars in leaves and fruits of pepper plants exposed to KCl fertiliser could be explained by the harmful effect of chloride salt stress which might be decreased chlorophyll concentration, reduced photosynthesis activity, disturbed source-sink and sucrose synthase (Lin et al. 2004; Peng et al. 2016) .
Total phenols content
Analysis of variance showed that total phenols in leaves was affected by treatment and in fruits affected by treatments and year × treatments interaction (Table 8 and Figure 4D ). In general, total phenols were increased in the leaves of pepper plants supplied with foliar K fertilisers. The production of total phenols increased with K 2 SO 4 , K-humate and KCl supplementation by 26.27, 28.23 and 23.4% in leaves (Table 3) . In pepper fruits, the highest total phenols were recorded in K-humate treatment followed by KCl treatment and then the control. Moreover, K 2 SO 4 treatment had the lowest value ( Table  5) . Our results confirmed the earlier studies relating to the influence of K on total phenols accumulation in plant leaves (Ibrahim et al. 2012) . The increase of total phenols level with foliar K fertiliser in this study could be due to enhancement of total sugar content and photosynthesis as suggested by Ibrahim et al. (2011) . This might be due to K which plays a vital role in stimulating photosynthesis activity and improving the translocation of sugars into dif- (Figure 2 ) it was shown a positive relationship between Pn and total phenols in leaves of pepper plants ( Figure 2B ). Carbohydrates are necessary to phenolic substances biosynthesis through the shikimic acid pathway where more carbohydrates derived from glycolysis and the pentose phosphate pathway are transformed into aromatic amino acids (Shui et al. 2009 ). Other studies suggested that total phenols in pepper is positively correlated to high phenylalanine ammonia-lyase (PAL) activity, where, this enzyme uses K as cofactor to synthesis phenolic compounds (Ibrahim et al. 2012) . The high activity of this enzyme (PAL) was also noted in maize (Li et al. 2009 ) when plants exposed to high K rates.
Anatomical studies
Anatomical study proven that foliar K fertiliser improved the cell size and thickness of different tissues of pepper leaf and stem. Plants treated with foliar K in form K 2 SO 4 recorded the highest values and improved different tissues thickness of pepper leaf and stem than other K treatments (KCl, K-humate). Foliar application with K 2 SO 4 showed an increase in thickness of mid vein, lamina, palisade and spongy tissues of leaves by 9.9, 42.0, 14.7 and 81.6%, respectively in comparison to control. The main vas- (Table 9 and Figure 5 ). Also, plants treated with K 2 SO 4 showed an increase in stem diameter, collenchymas and parenchyma thickness, upper and lower phloem and xylem tissues of pepper plant stem by 10.3, 42.8, 46.8, 92.9, 50 .0 and 57.7%, respectively more than control (Table 10 and Figure  6 ). Moreover, the results showed that the anatomical characters of fruit tissues improved with foliar potassium applications (Table 11 and Figure 7) .
The maximum values of studied characters were recorded with plants treated with K 2 SO 4. The increments over control were, 38.8, 72.7, 24.6, 27.7, 42.8 and 28 .9% for thickness of exocarp, collenchymas, parenchyma, vascular bundle, endocarp and whole pericarp, respectively. This improvement in cell size and thickness of fruits could be attributed to increase accumulation of metabolic compounds (i.e. sugars). Several investigators also reported that growth promotion of numerous crops supplied with sufficient amount of K fertilisers, either as foliar feeding or soil application, could be attributed to its function in activation of many enzymes correlated to leaf pigment formation, photosynthesis processes and biosynthesis of metabolic compounds involved to plant development (Amtmann et al. 2008; Kaur et al. 2007; Qua et al. 2012) . Arafa et al. (2011) mentioned that potassium fertiliser significantly increased stem and pith diameter, collenchyma thickness, chlorenchymatous layer thickness, length and width of vascular bundle, as well as the thickness of phloem and xylem. Contrary, KCl fertiliser showed lowest value of thickness of different tissues, but the values are higher than control plants. This observation suggested that KCl has a higher salt content than K 2 SO 4 (Kamburova & Kirilov 2008) and accumulation of Cl anion inside cells induced the toxic- ity and reduced the cell size and thickness of plant tissues. Cutter and Murphey (1978) indicated that K affected vessel wall thickness and vessel length of pepper that it may affect xylem vessel conductivity.
CONCLUSIONS
The present study indicated that supplementing foliar K sources during the plant growth and fruit development can improve pepper fruit quality parameters and bioactive compounds. All the foliar K sources, especially K 2 SO 4 , were effective in improving photosynthetic process, plant biomass, and total yield, total sugars, carotenoids, chlorophyll (a and b), and endogenous NPK. Morever, foliar application of K 2 SO 4 . Morever, foliar application of K 2 SO 4 recorded the maximum promotion in all anatomical characters for leaf, stem and fruit of pepper plant. Increasing available K element for pepper plant by foliar fertiliser treatment could be an effective easily method that growers can be used for increasing pepper yield and quality.
